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Measurement of the energy content of organic matter in different parts of the biosphere is becoming increasingly important as the study of ecology lays greater emphasis upon energy flow in ecosystems. This paper presents caloric values for organic matter in surface soils from woodland, swamp, and aquatic sites. Some data are also provided for plants that are important sources of soil organic matter in these sites.
METHODS
Shallow soil cores were collected during summer along a 250-m transect from mixed upland forest through coniferous swamp forest to a small pond, Cedar Bog Lake, on the Anoka sand plain. A few samples were also collected from woodlands and lakes in the vicinity. More detailed decriptions of the main site are given by Gorham and Sanger (1964) , who provide transect data for soil pH and water and organic content. Conway (1949) and Lindeman (1941) have also worked in the area. Depth of sampling was 10 cm in the aquatic sediments and most swamp peats, but it was less in some swamp hummocks matted with tree roots and in the organic horizons of the woodland soils, which were about 3-7 cm thick and usually quite distinct from the mineral soil beneath. The approximate depth of summer water table above or below the soil surface was measured at the time of sampling.
The energy content of the organic material was determined on 1-g samples in a Parr oxygen-bomb calorimeter (with plain jacket), after grinding to pass a 40-mesh screen in a Wiley mill, and drying at about 80'C. Appropriate acid and fuse-wire corrections were made for each sample, and the ash remaining in the calorimeter cup was weighed to allow expression of results on the basis of ash-free dry weight (= ignition loss). Caloric values are expressed in kilogram calories, i.e., the amount of heat required to raise the temperature of 1 kg of water by 1VC. All samples were analyzed in duplicate, the average difference being 0.031 kcal for plant samples and 0.046 kcal for soils.
Because some samples contained considerable mineral matter (up to a maximum of 70% in one woodland sample), tests were made on several samples (mostly 1 g) in which various amounts of ashed soil were mixed with benzoic acid or finely ground plant tissue. The variations in caloric value were minimal (Table 1) .
In these non-calcareous and rather organic soils, ashfree dry weight is closely equivalent to organic content and is the most satisfactory basis for expression of caloric values. In the plants, also, no precipitates of calcium carbonate were observed, so that ignition loss is an accurate measure of organic matter.
RESULTS AND DISCUSSION
The energy content of soil organic matter is distinctly different in the three types of habitat, with aquatic soils highest (5.24 kcal/g) and swamp soils lowest (4.87 kcal/g) ( Table 2 ). In these two categories there is a definite relation between energy content and the level of the summer water table (Fig. 1) Lake transact, average 5.11 kcal/g, while the remaining samples, with more than 60% organic matter, average 4.97 kcal/g.
No conclusive explanations can be given for the differences mentioned above, but some possibilities deserve examination. For example, the organic layers of the woodland soils derive mainly from tree leaves, while in the swamp the extremely luxuriant ground flora probably outweighs the trees in the supply of litter. Table  3 indicates a much lower energy content for the aboveground parts of ground flora in both woodland (4.67 kcal/g) and swamp (4.64 kcal/g) than for the leaves of trees in woodland (5.12 kcal/g) and swamp (5.31 kcal/g). Because of the preponderance of ground flora in the swamp, a lower energy content would be expected in soil organic matter from this habitat.
The influence of root material in these samples is difficult to assess. Roots were excluded as far as possible from the samples, but they did comprise an appreciable fraction in some of the swamp hummocks, where low energy contents were observed (Fig. 1 ). Roots were also important in one sample beneath Decodon at the edge of the swamp next to the pond. The energy content of this sample (4.79 kcal/g) was distinctly low relative to that of samples from swamp hollows (up to 5.12 kcal/g), in which most of the organic matter was highly decomposed.
The influence of root content upon the caloric value of soil organic matter was investigated by analyzing three swamp peats with an abundance of interwoven roots and two well-decomposed swamp peats with very few roots. All samples came from hummocks. Contrary to expectation, the samples with abundant roots showed slightly higher caloric values (5.04, 4.98, 4.96 kcal/g) than those with few roots (4.95, 4.94 kcal/g).
In a further attempt to examine different fractions of the organic debris in soils, two whole woodland humus layers with appreciable root and bark material were sorted on sieves and analyzed (Table 4) . The 2-mm sieve fractions gave the highest caloric values, but in one case the finest fraction exhibited a lower energy content than the coarsest roots, and in the other case its energy content was distinctly higher.
The degree of decomposition might also be expected to influence caloric values of soil organic matter. For These data therefore provide no evidence for a parallel increase of caloric value with degree of decay in well-aerated soils. The organic matter of the anerobic lake muds is highly comminuted and decomposed, and this condition may be partly responsible for its high energy content. However, the role of source material is not easily evaluated for the aquatic sites, because little is known of the balance between algae and macrophytes in supplying organic matter to the sediments. If algae are important the sediments will receive much organic matter of relatively high caloric value (Table 3) . Muds from the deepest part of Cedar Bog Lake (Fig. 1) exhibited higher caloric values than did a marginal sample beneath a dense mat of Ceratophyllurn, which has a low energy content (4.26 kcal /g).
In conclusion, this study has demonstrated distinct differences in the energy content of soil organic matter from different natural habitats and has indicated certain lines of approach to the explanation of these differences. 
